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Objectives: to compare the outcome of patzents undergoing non-elective abdominal aortic aneurysm repazr at two 
hospztals under the care of a single vascular surgeon 
Design: prospective and retrospective audit of 6 years of emergency and urgent mfrarenal abdommaI aortzc aneurysm 
surgery 
Setting: Lew~sham and North Southwark Health Authority 
Subjects: one hundred and forty-five patients who underwent emergency (46) or urgent (99) repair of an abdominal 
aortic aneurysm. 
Primary outcome measure: hospztaI mortahty 
Secondary outcome measures: acute renal fadure, mtenszve care and hospltaI length of stay &stal zschaemza and return 
to theatre. 
Results: mortahty was hzgher at hospztal 2 than hospital 1 (28% vs. 9%, p = 0.0068). There was no s~gmficant &fference 
m age, sex, car&ac hzstory, hypertenswn, &abetes, smoking, renal m~pazrment (all p>0 05) There was no &fference m 
operation time, blood loss and base excess at the end of surgery between the two groups (all p>O.05). APACHE II scores 
on admisswn to ICU were simdar in hospital 1 and hospital 2 (me&an 16 vs. 14, p>O.03). Pulmonary artery catheters 
were placed m 18% of patients at hospital 1 compared with 96% at hospital 2. Patients at hospital 2 received more 
crystalloid (median 2990 vs. 2300 ml - ,  more colloid (median 4775 vs. 1500 ml), and more inotropes (median 1 vs. O) 
than those at hospital 1 in their first 24 h on ICU (all p<O.O01). The volume of urine passed in the first 24 h was s~mdar 
(median 2410 vs. 200Oral, p=O.12) yet the incidence of acute renal failure was higher at hospital 2 compared with 
hospztal 1 (30% vs. 6%, p =0.001). ICU length of stay of survivors was longer at hospital 2 (median 3 vs. 2 days, p = 
0.0018) as was hospital ength of stay (me&an 17.5 vs. 12 days, p=O.O002). 
Conclusions: the outcome at both hospitals is at least as good as other reported series, but it is interesting to note that 
the hospital which used less pulmonary artery catheters and less intervention (in the form of cotloid and inotropes) showed 
a reduced mortality. These data may be important in assessing the different herapeutic strategies employed postoperatively 
m the ICU. 
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Introduction 
All patients who had abdominal aortic aneurysm 
(AAA) surgery in Lewisham and North Southwark 
Health Authority between September 1991 and No- 
vember 1996 under a single vascular consultant (P.R.T.) 
were entered into a prospective computerised audit. 
Routine analysis of this database by the vascular team 
suggested that there was a significant difference in 
*Please address all correspondence to. P.R. Taylor, Department of
Surgery, 2nd floor, New Guy's House, Guy's Hospital, St Thomas 
Street, London SE1 9RT, U K 
mortahty of patients who survived their initial emer- 
gency and urgent AAA repair between the two hos- 
pitals within the Health Authority. 
This audit was undertaken to see if the patient 
population was similar in both hospitals and if there 
were any factors in the surgical management, operative 
details, anaesthetic or intensive care management that 
might have accounted for the difference in mortality. 
Materials and Methods 
The details recorded m the database are shown in 
Table 1. These were entered onto a custom-designed 
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Table 1. Details recorded in the computer database. 
Patient demographic details 
Risk factors for atherosclerosls, smoking, hypertension, diabetes, 
hyperhpldaemla, gout, renal failure 
Number of drugs taken for hypertension 
Symptoms and signs of arterial occluslve disease 
Cerebrovascular disease 
Intervention details" urgency 
Operataon 
Name of surgeon 
Grade of surgeon 
Heparln dose 
Operating tame 
Blood loss 
Graft details 
Inflow vessel 
Outflow vessel 
Comphcataons 
Outcome 
vascular database developed from Superbase IV (Soft- 
ware Publishing, Bracknell, U.K.), a Windows-based 
PC database program. Demographic details were 
entered on the patmnts' hospital admission, and details 
of the medical history were taken from the patients' 
medical notes at the time of surgery. Operation details 
were recorded immediately after surgery and sub- 
sequent progress was entered in at the time of hospital 
&scharge and at a routine 6-week outpatient review. 
During this time the consultant provided an ad hoc 
one in one vascular emergency cover to two hospitals 
as well as performing almost all elective vascular 
surgery at both hospitals. 
Acute physiology and chronic health evaluation 
(APACHE II) scores, 1 intensive care and hospital length 
of stay were collected prospectively on Riyadh ICU 
program (RIP) database at Guy's. At Lewisham these 
data were obtained from the intensive care casenotes 
and patient records. 
Data concerning degree of metabolic acidosis on 
arrival in ICU, use of a pulmonary artery catheter, 
volume of crystalloid, colloid and urine output in the 
first 24 postoperative hours and number of inotropes/ 
vasopressors u ed were collected retrospectively from 
the intensive care casenotes and patient records. 
Patients were classified as either undergoing urgent 
repair (those with symptomatic aneurysms: tenderness 
or back pain, or embolic complications, but no blood 
outside the sac), or emergency repair (those found to 
have blood outside the aneurysm sac at surgery). 
Patients over 80 years of age with a ruptured aneurysm 
were offered surgery unless they had a blood pressure 
of less than 80mmHg, despite initial fluid re- 
suscitation. Definitions used in this paper are as fol- 
lows: 
Cardiac history: 
Hypertension. 
Diabetes: 
Smoker: 
Inotropes' 
Return to theatre: 
Distal ischaemia: 
Acute renal failure: 
angina, myocardial in- 
farctlon, coronary artery by- 
pass surgery or angioplasty. 
on anti-hypertensive treat- 
ment on admission. 
on insulin or oral hypo- 
glycaemic me&cation on ad- 
mission. 
current or recent ex-smoker. 
adrenaline, noradrenaline 
and dobutamine were in- 
cluded. Low dose dopamine 
(<3 pg/kg/min) was ex- 
cluded. 
any cause for return to 
theatre within 7 days. 
leg ischaemia requiring sur- 
gical intervention to correct 
(either at the time of an- 
eurysm repair or within 7 
days). 
requirement for continuous 
veno-venous haemo- 
filtration. 
Pulmonary artery catheters were inserted as a rou- 
tine part of patient care at hospital 2. At hospital 1 PA 
catheters were only inserted in patients who de- 
teriorated espite standard ICU care. 
Statistics 
Preoperative risk factors were compared using Chi- 
squared with Yates correction, or Fishers exact test 
if n<5, for categorical data and Mann-Whitney U- 
test for continuous data, with significance level set 
at p>0.05. 
Primary outcome was compared using Chi-squared 
with Yates correction and Fishers exact est were n<5, 
with significance l vel set at p<0.05. 
Secondary outcomes and ICU management data 
were compared using Chi-squared with Yates cor- 
rection, or Fishers exact est if n<5, for categorical data 
and Mann-Whitney U-test for continuous data, with 
significance level set at p<0.01 to allow for multiple 
comparisons. All statistical calculations were per- 
formed using SPSS ® for Windows TM, Version 6. 
Results 
A total of 145 aneurysm repairs were attempted. 
Ninety-nine (68%) were urgent and 46 (32%) were 
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Table 2. Patient details and pre-operative risk factors. 
Hospital 1 Hospital 2 
n = 89 n = 50 p value 
Age (years) 71 (56-89)* 74 (55-84)* 0 08 
Males (%) 72 (83) 40 (80) 0 8 
Cardiac history (%) 30 (34) 15 (30) 0 79 
Hypertension (%) 33 (37) 13 (26) 0 25 
Diabetes (%) 6 (7) 1 (2) 0 42 
Smoker (%) 58 (65) 25 (50) 0 11 
Creatlnine >120 ~tmol/1 (%) 40 (45) 16 (32) 0 19 
Values are me&ans (range) 
Table 3. Operative factors. 
Hospital 1 Hospital 2 
n = 89 n = 50 p value 
Consultant surgeon present (%) 
Consultant anaesthetist present (%) 
Operation length (minutes)* 
Intra operative blood loss (mls) '~ 
First base deficit in ICU* 
78 (90) 50 (100) 0 02 
34 (39) 25 (50) 0 24 
110 (50-300) 120 (60-270) 0 064 
1500 (200-9000) 2000 (350-15000) 0 064 
-3  1 (--19 2-+40) 18 (--10 3-+2 6) 036 
~Values are medians (range). 
Table 4. APACHE II data. 
Hospital 1 Hospital 2 
n = 89 n = 50 p value 
Acute physiology score* 11 (1-23) 8 (2-25) 0 015 
Chronic health score* 5 (3-11) 5 (3-11) 0 48 
APACHE II score* 16 (5-33) 14 (5-31) 0 032 
*Values a~e medians (range) 
Table 5. ICU management data. 
Hospital 1 Hospital 2 
n = 89 n = 50 p value 
Use of PA Catheter (%) 
Crystallold m 1st 24 h (ml)* 
Colloid m 1st 24 h (ml)* 
No. of motropes In 1st 24 h ~ 
Urine output on 1st 24 h (ml)* 
16 (18) 48 (96) 0 0001 
2300 (700-5000) 2990 (890 5150) 0.0002 
1500 (0-6700) 4775 (0-14350) <0 0001 
0-(0-2) 1 (0-3) <0 0001 
2000 (0-5500) 2410 (50-5795) 0 12 
* Values are medians (range). 
emergency repairs for ruptured  aneurysms.  Six 
pat ients (three in each hospital, all wi th ruptured  
aneurysms)  died dur ing  surgery and  have not  been 
inc luded in the analysis. 
Table 2 shows the pat ient  details and  preoperat ive 
risk factors. A l though there was a t rend for pat ients 
at hospital  2 to be older, this does not reach sig- 
mficance. Table 3 details the operat ive factors. Table 4 
gives the APACHE II data for the hrst 24 h in ICU. 
Table 5 lists the ICU management  data for the first 
24 h post-operation. Al l  pu lmonary  artery (PA) cath- 
eters were inserted wi th in  the first 12 h on the ICU. The 
pr imary  and  secondary outcome data are presented m 
Tables 6 and 7. Table 8 itemises the reasons for patmnts 
re turn ing  to theatre for early postoperat ive problems 
Table 9 is a reanalysis of the ICU and outcome data 
excluding pat ients who returned to theatre. This was 
done to see whether  the differences in outcome and 
ICU management  could be explained by the need to 
return to theatre. There was no sigmficant difference 
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Table 6. Primary outcome data*. 
Hospital 1 Hospital 2 p value 
Mortality followmg urgent repairs (%) 4/62 (7) 8/37 (22) 0 03 
Mortahty followmg emergency repairs (%) 4/27 (15) 6/13 (43) 0 12 
Combined mortahty (%) 8/89 (9) 14/50 (28) 0 0068 
*Three patients at each hospital dmd during surgery for ruptured AAA and are not included m these 
hgures which are the mortahty of people who survive their tmtml surgery 
Table 7. Secondary outcome data. 
Hospital 1 Hospital 2 
n = 89 n = 50 p value 
Return to theatre (%) 
Distal Ischaemla (%) 
Acute renal failure (%) 
ICU LOS of survivors (days)* 
Hospital LOS of survivors (days)* 
3 (3) 12 (24) 0 0004 
5 (6) 4 (8) 0 72 
4 (5) 15 (30) 0 0001 
2 (1-175) 3 (1-42) 0 0018 
12 (5-182) 17 5 (4-93) 0 0002 
*Values are medians (range) 
Table 8. Causes for return to theatre. 
Hospital 1 Hospital 2 
One bleeding from chest (combined CABG and urgent AAA) 
One removal of packs 
One embolectomy 
Three laparotomy for bleedmg 
Three laparotomy-no procedure 
One removal of packs 
One removal of packs and colectomy 
One colectomy 
Two fasclotomy 
Table 9. Data excluding patients who returned to theatre. 
Hospltal 1 Hospital 2 
n = 86 n = 38 p value 
Use of PA catheter no (%) 
Crystallold m 1st 24 h (ml)* 
Colloid m 1st 24 h (ml) 
No of motropes m 1st 24h* 
Urme output m 1st 24 h (ml)* 
Acute renal failure (%) 
Mortahty no (%) 
13 (15) 36 (95) <0 0001 
2300 (700-t200) 3000 (890-4620) <0 0001 
1500 (0~5700) 3625 (0-9850) <0 0001 
0 (0-2) 0 (0-3) <0 003 
2000 (0-4000) 2550 (50-5795) 0 016 
2 (2) 7 (18) 0 004 
7 (8) 9 (24) 0 037 
*Values are medians (range) 
in the propor t ion  of stra ight  and  b i furcated grafts 
inserted at each hospital .  
Discussion 
Morta l i ty  f rom ruptured  AAA remains  h igh  desp i te  
falls in morta l i ty  f rom elect ive AAA repair.  2A l though 
most  pat ients  wi l l  d ie before reaching hospita l ,  of 
those that do  surv ive  surgery  many subsequent ly  die 
in the intens ive care unit. In contrast,  pat ients  who 
have elect ive AAA repa i r  can often be managed post-  
operat ive ly  m a h igh  dependency  unit  sett ing w i thout  
requ i r ing  the ful l  suppor t  of an ICU. It is accepted 
that pat ients  w i th  aneurysms wh ich  are symptomat ic  
but  not  ruptured  have a mor tahty  that is h igher  than 
elect ive cases a l though the reasons for this are not  
clear. They are not  subjected to the card iovascu lar  
mstab l l i ty  that may occur in pat ients  whose  aneurysms 
rupture ,  but  may have very  l imi ted preoperat ive  in- 
vest igat ion.  
Morta l i ty  di f ferences between hospi ta ls  for AAA 
repair  3 may be due to a large number  of factors wh ich  
may be broken  down into preoperat ive ,  in t raoperat ive  
and  postoperat ive .  In order  to compare  the effect of a 
di f ference in one aspect  of care it is necessary  to be as 
certain as poss ib le  that all other  aspects of the two 
groups  be ing  compared  are not  s igmf icant ly  different. 
In this s tudy  all the pat ients  come f rom the same 
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geographical area, as both hospitals are m the same 
health authority. Both hospitals received an equal pro- 
portion of "tertiary" referrals from other hospitals. We 
found that there was no significant difference in any 
of the prospectxvely recorded risk factors between the 
two groups (Table 2). It was not possible to assess 
accurately the time between onset of symptoms and 
surgery in the ruptured cases because in many of the 
cases this was not recorded. In addition, it is difficult 
to know how to interpret such data: patients who walt 
a long time from the onset of their symptoms of 
rupture to surgery may be a self selected group of 
survivors, whereas unstable patients who are rushed 
to surgery very soon may have a poor prognosis 
regardless of treatment. Conversely, it can be argued 
that patients in whom surgery is delayed have a long 
period of poor tissue perfusion and thus may have a 
worse outcome. In order to assess the degree of shock 
of patients on reaching theatre in the two groups we 
recorded the pre-induction blood pressure. Un- 
fortunately this information was only available on 80% 
of the patients, and so may not be representative, 
although it &d not show a difference between the two 
groups. 
Intraoperative treatment by surgeon and an- 
aesthetist is clearly an important potential source of 
difference between the two groups. This series is un- 
usual m that the surgeon operating or supervising the 
surgery was the same m both groups, and thus we 
can be confident that both groups of patients received 
the same standard of surgical care. Although con- 
sultant anaesthetists did not attend in the majority of 
cases at hospital 1 and half the cases at hospital 2, 
the remaining cases were all anaesthetised by senior 
registrars. Since these senior trainees rotate between 
the two hospitals it is reasonable to assume that the 
standard of anaesthetic care at the two hospitals is 
similar. One limitation of this retrospective analysis 
is that we were unable to quantify differences in 
anaesthetic practice. Too many anaesthetic records 
were incomplete and thus differences in anaesthetic 
management could not be assessed. We have assumed 
that anaesthetic management is not significantly dif- 
ferent between the two hospitals. This assumption 
appears to be justified by the objective finding that 
the state of the patient as judged by the first base 
excess measured on ICU was not significantly different 
between the two hospitals (Table 3) 
Our primary hypothesis was that there was a sig- 
mficant difference m mortality for non-elective AAA 
repair between the two hospitals, and we have shown 
that this is the case (Table 6) There are also sigmficant 
differences m the secondary outcomes (Table 7). Since 
the climcal perception was that the major difference 
between the two hospitals was the protocol for ICU care, 
we carefully reviewed the data on ICU care in the first 
24 h postoperatively in each hospital. Choosing alonger 
period would have excluded many patients who were 
&scharged from ICU after 24 h. It is clear from the 
results that there are significant differences m the ICU 
management practised m the two hospitals as measured 
by the use of pulmonary artery catheters, colloid and 
crystalloid volumes infused, and inotropes prescribed. 
The patients at hospital 2 do not appear to be sicker on 
arrival m the ICU as judged by their initial base excess, 
and a possible reason for this difference in ICU man- 
agement may be the use of "goal-directed" therapy in 
hospital 2 Shoemaker and colleagues inthe 1980's along 
with other authors suggested that in the critically 111 
population mortality would be reduced by aiming for 
predefined haemodynamic and oxygen delivery tar- 
gets 4 The targets were increasing the circulating vol- 
ume to 500 ml greater than normal, increasing the 
cardiac mdex (CI) to >4.51/min/m 2 and by increasing 
oxygen delivery (DO2) and oxygen consumption (VO2) 
to >660 and >160 ml /min /m 2, respectively There are 
different ways of achieving these goals, but generally 
maintenance of an adequate haemoglobin, volume 
loading with intravenous flmds and the use of a dilating 
inotrope such as dobutamme are often used. This ap- 
proach seemed to be confirmed by a number of pro- 
spective studies, particularly when apphed to young 
trauma patients and possibly high-risk surgical 
patients. ~'6 Unfortunately this same benefit is not ap- 
parent when applied to a wider spectrum of critically 
ill patients admitted to the ICU as an emergency. 7 Many 
of these patients are unable to reach the goals set for 
them and there is some evidence that attempting to 
reach them may be harmful. 8 Some critics have sug- 
gested that the pulmonary artery catheter is the reason 
for this, 9 and its use does have comphcations, I° but it is a 
monitoring device rather than being a therapy. Between 
1991 and 1996, the period of this study, a form of goal 
directed therapy was used at hospital 2 and this may 
explain the difference in ICU data between the two hos- 
pitals. 
It is tempting to try and analyse the data further 
using logistical regression analysis to assess the effect 
of different aspects of ICU care on the primary out- 
come, namely mortality. We believe that this probably 
would not be useful for a number of reasons. Firstly, 
the number of deaths is relatively small and would 
therefore limit the model to two variables m order to 
be statistically sound, 11 which is almost certainly an 
oversimplification. Secondly, it is likely to be difficult 
to interpret such a model because the indications 
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for ICU interventions, e g. PA catheterisation, were 
different at each hospital. Thirdly, it may be that ICU 
care has a relatively marginal effect on mortality but 
a greater effect on secondary outcome variables uch 
as length of stay on the ICU. 
Patmnts who have to return to theatre following 
AAA repair have a worse prognosis than those who 
have a successful single operation  A significantly 
greater proportion of patients at hospital 2 compared 
to hospital 1 returned to theatre. Since some of these 
were for bleeding, or for removal of packs suggesting 
large blood loss at their first operations, it would not 
be surprising if they received large volumes of fluids 
in the first 24 h on ICU, and thus unduly influenced 
the ICU management data for hospital 2. However, 
analysis of this data after exclusion of patients who 
returned to theatre shows that significant differences 
still exist between the two hospitals in both ICU man- 
agement and outcome (Table 9). 
It should be stressed that as this is not a randomised 
prospective trial, it is not possible to definitively com- 
ment on the relationship between ICU care and mor- 
tahty following non-elective AAA repair. However, 
we believe that this data suggests that goal directed 
therapy following non-elective AAA repmr does not 
reduce mortality and might possibly be harmful. 
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